Objectives To determine volumes and rates of multimorbidity in Ontario by age group, sex, material deprivation, and geography. Methods A cross-sectional population-based study was completed using linked provincial health administrative databases. Ontario residents were classified as having multimorbidity (3+ chronic conditions) or not, based on the presence of 17 chronic conditions. The volumes (number of residents) of multimorbidity were determined by age categories in addition to crude and agesex standardized rates. Results Among the 2013 Ontario population, 15.2% had multimorbidity. Multimorbidity rates increased across successively older age groups with lowest rates observed in youngest (0-17 years, 0.2%) and highest rates in the oldest (80+ years, 73.5%). The rate of multimorbidity increased gradually from ages 0 to 44 years, with a substantial and graded increase in the rates as the population aged. The top five chronic conditions, of the 17 examined, among those with multimorbidity were mood disorders, hypertensive disorders, asthma, arthritis, and diabetes. Conclusion Much of the common rhetoric around multimorbidity concerns the aging 'grey tsunami'. This study demonstrated that the volume of multimorbidity is derived from adults beginning as young as age 35 years old. A focus only on the old underestimates the absolute burden of multimorbidity on the health care system. It can mask the association of material deprivation and geography with multimorbidity which can turn our attention away from two critical issues: (1) potential inequality in health and health care in Ontario and (2) preventing younger and middle-aged people from moving into the multimorbidity category.
Introduction
It has become commonplace to hear that Canada's population is graying; the baby boomer generation has reached its senior years. This is a reasonable characterization of our changing population pyramid; Statistics Canada reports that, as of July 1, 2015, for the first time Canada has more citizens 65 years and older than children aged 0 to 14 years (Statistics Canada 2015) . Along with this aging population comes an increase in the prevalence of people having multiple chronic conditions, referred to as multimorbidity. Media sources report, as the result of this demographic shift, enormous and increasing pressure is being placed on the Canadian health care system (CBC News 2012; The Globe and Mail 2015) . The characterization in this messaging is we are facing a 'grey tsunami' (CBC 2014; The Star 2015) and we need to seek shelter from its onslaught. This myopic focus on the aging population tells only part of the story (Canadian Foundation for Healthcare Improvement 2011) and may blind us to other factors, such as material deprivation or geographic variation associated with multimorbidity, which may be important for policy makers responsible for the health and health care of their citizens.
It is true that in Canada and around the world, multimorbidity is increasing. Its prevalence is low until about age 40 years and steeply increases until plateauing at about 70 years (Fortin et al. 2012) . We care about multimorbidity because it confers additional burden and disability in populations and health systems over and above that expected for the sum of individual conditions, including the receipt of fragmented care from numerous chronic condition-specific providers, increased risk of adverse polypharmacy outcomes, and higher health care utilization and costs (Boyd and Fortin 2010) .
It is important to understand the prevalence and drivers of multimorbidity in order to ameliorate its effects, to plan and meet health care needs, to address potential inequalities, and ultimately to improve population health. A focus on multimorbidity is particularly relevant to public health; for example, those with multimorbidity may benefit from public health programming such as chronic disease selfmanagement (Brady et al., 2015) . A focus on multimorbidity is also relevant to primary health care policy and practice. With its focus on integrating care, much of the care and coordination for those with multimorbidity falls to primary care .
The Ontario Ministry of Health and Long-Term Care (MOHLTC) in its 2015 Patients First: Action Plan for Health Care (Ontario MOHLTC 2015) has set as one priority 'primary care providers are organized around the needs of our population…'. This population orientation necessitates a better understanding of the Ontario population with multimorbidity, beyond the message that our population is aging and consequently getting sicker. Therefore, the purpose of this study was to determine both the volume and rates of multimorbidity by age group in Ontario; and to examine rates by other characteristics, including sex, health care model, material deprivation, and geography.
Methods
This cross-sectional population-based study used linked provincial health administrative databases to classify Ontario residents according to whether or not they had multimorbidity and to compare demographic and geographic characteristics of those with and without multimorbidity. All residents of Ontario (2013 population approximately 13 million) obtain health care services from a government-administered singlepayer insurance system. The datasets used in this study are listed under the variable descriptions that follow. Datasets were linked using unique, encoded identifiers and analyzed at the Institute for Clinical Evaluative Sciences (ICES). The study was approved by the research ethics board at Sunnybrook Health Sciences Centre (Toronto, Ontario, Canada); informed consent was not required. This report follows the RECORD (REporting of studies Conducted using Observational Routinely-collected health Data) statement (Benchimol et al. 2015) .
Data sources and study population
This study included everyone between ages 0 and 105 years who were alive and eligible for health insurance in Ontario as of the July 1, 2013 index date according to the Ontario Registered Persons Database (RPDB), Ontario's health care registry. Residents were further required to have a valid health insurance number, valid recorded age and sex, and to have had any contact with the Ontario health care system within the past 7 years (Kiran et al. 2015; Kiran et al. 2016) . Demographic data and participant characteristics were also obtained from the RPDB.
Outcome-multimorbidity
Multimorbidity was defined as the presence of three or more of 17 chronic conditions (Fortin et al. 2012; Holzer et al. 2014) . Only conditions for which there were validated definitions for use in health administrative data were included. These patient data were obtained either from predefined cohorts with common chronic conditions or, where such definitions were not available, using algorithms to identify people with those conditions.
The presence of a given chronic condition was based on either people's presence in existing cohorts before the index date or by looking back at their health care utilization for 5 or 10 years (condition-dependent) and applying the specified algorithm. The algorithms and cohorts employ diagnostic codes from the International Classification of Diseases, 9th and 10th Revisions (ICD-9 and ICD-10), along with codes from the The 17 conditions, chosen based on a research tool developed for the CIHR Community-Based Primary Health Care Signature Initiative (Fortin et al. 2017) , were as follows: arthritis, asthma, cancer, congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), cardiovascular disease (CVD), dementia, diabetes, HIV, hypertension, inflammatory bowel disease (IBD), chronic kidney disease (CKD), chronic liver disease, mood disorder, osteoporosis, stroke/ transient ischemic attack (TIA), and urinary incontinence. Further details describing definitions, administrative codes, and associated validation studies are detailed in Appendix A.
Independent variables
Sex, date of birth, and postal code were obtained from the RPDB. Age was calculated based on the index date, July 1, 2013. The type of health care model best describing where people received their primary care was captured and defined using the Client Agency Provider Enrolment (CAPE) database. Postal code was used to determine to which regional health authorities (Local Health Integration Network (LHIN)) people belonged. There are 14 LHINs in Ontario (Ontario LHINs 2014). The provincial government through the MOHLTC provides overall stewardship of Ontario's health system, setting direction, strategic policy and system standards and delivering provincial programs and services (Ontario MOHLTC 2012) . The LHINs are funded by the MOHLTC and 'plan, coordinate and fund local health care services to improve access to health services and patient experience' (Ontario MOHLTC 2017).
People were assigned to either an urban material deprivation quintile or to a rural location. Material deprivation is one of four indicators that are part of the Ontario Marginalization Index (Matheson et al. 2012 ). The material deprivation index was only applied to urban locations because it is considered reliable in urban settings where Census Dissemination Areas (CDAs) are small enough to allow for discrimination. In rural areas (defined as rural and small town communities of less than 10,000 persons), where CDAs can be geographically large, material deprivation can vary substantially within the CDA, making material deprivation quintiles unreliable (Wilkins 2004) . People were classified as living in an urban or rural location using Canada Post's Postal Code Conversion File Plus (PCCF+) (Statistics Canada 2013). Postal code located urban people within their CDA; they were assigned the material deprivation index of the CDA in which they lived. Based on this material deprivation index, people in urban areas were classified into material deprivation quintiles with 1 representing the least deprived and 5 representing the most deprived.
Analysis
People in the cohort were classified as having multimorbidity or not as determined by the presence of three or more of 17 chronic conditions examined; comparisons between the two groups were made based on mean age, sex, health care model, material deprivation/rural, and the 17 chronic conditions. Prevalence of multimorbidity was examined using volume (absolute numbers) and proportions (percentages) for the child age group from 0 to 17 years old, and then in 5-year age groups for adults from 18 to 80+ years. Further, the volume and proportion with each chronic condition among the age groups was determined. Prevalence of multimorbidity by material deprivation index and by LHIN was examined using volume and rates (annual proportions). In order to account for different age and sex composition across age, sex, material deprivation, and LHIN, crude rates and age-sex standardized rates using direct standardization to the 1991 Canadian population (Statistics Canada 2012) are reported. Confidence intervals of 95% were calculated around the standardized rates (Bains 2009 ).
Results

Multimorbidity cohort
The study identified a cohort of 13,581,191 people residing in Ontario on July 1, 2013.The presence of the 17 chronic conditions was obtained for the entire cohort. Among the Ontario population in 2013, 44% had no chronic conditions, 27.5% had one chronic condition, and 13.4% had two chronic conditions. The remaining 15.2% were classified as having multimorbidity, defined as three or more of the 17 examined chronic conditions (Table 1) . Table 1 reports the characteristics of those with and without multimorbidity. People with multimorbidity were, on average, twice as old as people without multimorbidity. Males were less represented in the multimorbidity group; accounting for 43.4% of the multimorbidity cohort. While the majority of people in Ontario were enrolled in a primary health care model, participation was higher for those with multimorbidity (90.9% vs. 82.4%). The percentage of those with the least material deprivation was 5% lower for those with multimorbidity. The percentage of rural residents was lower for those without multimorbidity than for those with. There were large differences in the percentage of certain of the 17 chronic conditions between those with and without multimorbidity; for example, the percentage of people with multimorbidity who had hypertension was 77.5% compared to 10.9% for those without multimorbidity. Table 2 reports the crude and standardized rates of multimorbidity by sex and age. Multimorbidity rates increased across age groups with the lowest rates observed in the youngest age group (0-17 years, 0.2%) and the highest rates observed in the oldest (80+ years, 73.5%). Crude and sex standardized rates did not vary, suggesting rates were similar for males and females. Figure 1 describes the Ontario population with multimorbidity, reporting the volume (number of residents) of multimorbidity and percentage of people in each age group with multimorbidity. For childhood 0 to 17 years of age, of almost 3 million children, 5040 (0.2%) had multimorbidity. In the adult age groups, percentages with multimorbidity were higher at each successively older age group. In the oldest, 80+ years, 73.5% had multimorbidity, accounting for 410,099 individuals. While those 80+ years had the largest rate, the volumes and rates increased at a much earlier age. The rate of multimorbidity increased gradually from ages 0 to 44 years, with a substantial and graded increase in the rates as the population aged. Cumulatively, between ages 35 and 79 years, 1.6 million people had multimorbidity, while 0.4 million people aged 80+ years were living with multimorbidity. Table 2 reports the crude rates and age-sex standardized rates of multimorbidity by urban material deprivation quintiles and by rural location. When age-sex standardized rates of multimorbidity were compared across levels of material deprivation, the rates increased with each quintile from 10.3% for those in the least deprived group to 13.5% for those most deprived. For people living in a rural location, the crude rural rate of 16.99% was as high as the crude 5th quintile of material deprivation; however, the age-sex standardized rate of multimorbidity was 11.03%, which would be between the 2nd and 3rd quintiles. Table 2 reports the crude rates and age-sex standardized rates of multimorbidity by geographic distribution. Figure 2 reports multimorbidity graphically for each of the 14 LHINs in Ontario. The bars provide the volumes of people with multimorbidity within each LHIN. The lines depict yearly rate of multimorbidity (crude and age-sex standardized) which can be compared across LHINs. The age-sex standardized rate of multimorbidity ranged from 9.5% in the Waterloo-Wellington LHIN to 13.4% in the Erie-St. Clair LHIN.
Sex and age, and multimorbidity
Material deprivation and multimorbidity
Region and multimorbidity
Individual chronic conditions and multimorbidity
Figure 3 provides the prevalence (percentages) of the top five chronic conditions (mood disorder, hypertensive disorders, asthma, arthritis, and diabetes) by age group for those people with multimorbidity. Appendix B provides the prevalence of each of the 17 chronic conditions by broad age groups for the Ontario population. Mood disorder persisted as one of the top five conditions in each age group. Among the adult age groups, diabetes and hypertension were in the top five conditions. For children, asthma was second in prevalence to mood disorder and the volumes of the other three top conditions were low.
Discussion
This paper examined the notion that the problem of multimorbidity rests with the aging Ontario population. This study quantified multimorbidity in the Ontario health care system by providing the numbers of people with multimorbidity by age group and quantified the relative prevalence as rates in percentages of people with multimorbidity by age group. As expected, prevalence increased across age groups and was the highest among people 80 years and older. These findings were consistent with other studies that found an association between age and rates of multimorbidity (Violan et al. 2014; Koné Pefoyo et al. 2015) . Less often seen in the literature is an (Wilkins 2004) examination of the volume of multimorbidity by age. This study demonstrated that, in terms of the absolute numbers of people, the volume of multimorbidity is derived from adults beginning as young as age 35 years, a finding consistent with one Scottish study where the absolute numbers of people with multimorbidity was higher for those under the ages of 65 years (Barnett et al., 2012) . Advanced age itself is therefore not the sole driver of volume of multimorbidity. A focus only on advanced age prevents us from appreciating the causes and solutions to multimorbidity among people in the middle years require urgent attention. For example, it would be a worthwhile endeavor to focus serious efforts on preventing the 96% of those 35-39 years without multimorbidity from moving into the multimorbidity category as they age. While not all disease can be prevented, much of multimorbidity is derived from conditions that can be prevented or at least ameliorated through healthy lifestyle choices such as good diet and physical activity, including the top five conditions identified in this study. For example, by ages 50 to 54 years, one quarter of Ontario residents has hypertension. This number is approximately 10% higher in each successive age group. Diabetes is just as dramatic with the percentage almost tripling from 11.5% at ages 50 to 54 to 30.8% at ages 80+ years. Hypertension and diabetes are examples of conditions where efforts to prevent people in their middle years from accumulating these additional chronic conditions could have a substantial impact on population health.
Currently, our health care system focuses primarily on treating single conditions (Boyd and Fortin 2010) . Given the volume of people with multimorbidity across adulthood, a reassessment of management toward multimorbidity and better coordination among specialty care may be beneficial.
There was variation in the prevalence of multimorbidity across material deprivation in Ontario. The prevalence of multimorbidity was highest for the most materially deprived and lowest for the least, with a difference of 3.2% between the two. The relationship found between material deprivation and multimorbidity was supported by a systematic review across 12 countries that found a relationship between socio-economic status and multimorbidity (Violan et al. 2014 ) and an Ontario study that found an association between deprivation and mental health in immigrants (Durbin et al. 2015) . While the difference is small, it is of concern, given it represents a large number of residents. Despite access to universal health care, marginalized people continue to experience poorer health, suggesting an important avenue for intervention, regardless of age. It is important to consider the interaction of age group with location. The crude rate of multimorbidity for rural Ontarians is 17.0%, higher than any other urban group. However, the age-sex standardized rate is only 11.0%, comparable to the standardized rate for the least deprived urban group. This indicates that the volume of multimorbidity is, in part, a reflection of the older population found in rural areas.
There was variation in the proportion of people with multimorbidity across Ontario's 14 LHINs with a difference of 7.2% between the LHINs with the lowest and highest crude rates of multimorbidity. These differences persisted, albeit lessened (3.9%), after accounting for age-sex differences between the LHINs, suggesting that where you live in the province is independently associated with poorer health. As with material deprivation, percentage differences are small but this translates to large numbers of residents. This is clearly a multidimensional problem requiring systems-level solutions that might include attending to the socio-economic and physical environment (Fung et al., 2007) as well as the health care system (Hall et al. 2017) . The rate of multimorbidity was 12.4% in the North East LHIN but only 10.4% in the North West LHIN. Both LHINs are geographically remote and might be expected to have similar rates of multimorbidity; however, the lower rate in the northwest likely reflects that we used Ontario health services utilization to define the presence of the 17 chronic conditions. Because of a scarcity of services in the northwest, people often access services in nearby Manitoba or through nursing stations or federally funded services. Data on these services are not available through Ontario health administrative data. Therefore, the reduced rates were likely a reflection of how we captured the conditions. While this geography is particular to Ontario, the findings have relevance to other jurisdictions wishing to consider variation of multimorbidity with geography such as variation in regional health authorities, urban and rural locations, and geographically remote populations. The strength of this paper lays in its ability to use health administrative data to characterize multimorbidity for the entire population of Ontario. Using age and sex standardization allows comparisons to be made across different urban material deprivation quintiles/rurality and across geographic regions, over and above what might be expected because of different age and sex variation within these units of analysis. This study also focused on both absolute and relative numbers of multimorbidity by age, a finding less often seen in the literature, but which is of public health importance. An additional contribution of this current study was the reporting of multimorbidity rates across the geography of Ontario, a consideration not seen in other studies of multimorbidity patterns.
A limitation of this paper is that only 17 chronic conditions were available to be included. As well, these conditions were defined through people's contact with the health care system which depends on accessing care and on appropriate diagnostic codes being recorded. If anything, this suggests that estimates of multimorbidity are conservative. That multimorbidity was defined as a count of conditions is another limitation; there was no assessment of illness severity. Capturing multimorbidity using a count is consistent with the literature (van den Akker et al. 2001) and reflects data that are readily available; however, the effect of variability in severity cannot be assessed from this study. This was a cross-sectional study that did not follow the same people as they age. Therefore, one has to consider a cohort effect where, for example, the low prevalence in the middle years may be a reflection of this cohort. Smoking rates have decreased and obesity rates have risen in recent decades. It is difficult to predict how these and other forces on health may affect the rates of multimorbidity in future cohorts. If current cohorts become less healthy as they age, it will be even more important to ensure that our conversations around multimorbidity centre on more than just the inevitability of aging. Much of the common rhetoric around multimorbidity concerns the aging 'grey tsunami'. This is an over-simplification which disregards the important fact that currently the very old are a much smaller percentage of the overall population than are younger age groups. A focus only on the very old underestimates the absolute volume of multimorbidity on the health care system. It can turn our attention away from critical issues such as how to prevent younger people from moving into the multimorbidity category. It masks the association of material deprivation and geography with multimorbidity, an association which reflects the inequality in opportunity for all Ontarians to be healthy and may reflect inequality in access to health care services. A planned future study will determine whether there is variability in health care utilization for people with and without multimorbidity, once again examining not only by age but also by urban material deprivation/rurality and by LHIN region.
